Both implicit and explicit cognitions play an important role in the development of addictive behavior. This study investigated the influence of a single-session motivational interview (MI) on implicit and explicit alcohol-related cognition and whether this intervention was successful in consequently decreasing alcohol use in at-risk adolescents. Implicit and explicit alcohol-related cognitions were assessed at pretest and one month posttest in 125 Dutch at-risk adolescents ranging in age from 15 to 23 (51 males) with adapted versions of the Implicit Association Test (IAT) and an expectancy questionnaire. Motivation to change, alcohol use and alcohol-related problems were measured with self-report questionnaires, at pretest, at posttest after one month, and at the six-month follow-up. Although the quality of the intervention was rated positively, the results did not yield support for any differential effects of the intervention on drinking behavior or readiness to change at posttest and six-month follow-up. There were indications of changes in implicit and explicit alcohol-related cognitions between pretest and posttest. Our findings raise questions regarding the use of MI in this particular at-risk adolescent population and the mechanisms through which MI is effective.
Dual process models predict that both implicit and explicit cognitive processes influence behavior (e.g. Strack & Deutsch, 2004) . Implicit cognitive processes represent relatively automatic underlying motivational processes, while explicit cognitions are related to slower deliberate thought processes that may inhibit more automatic, impulsive thinking and behavior (Greenwald & Banaji, 1995; Strack & Deutsch, 2004) . In addiction research, both implicit alcohol associations and explicit alcohol expectancies have been shown to predict unique variance in concurrent and prospective alcohol use (e.g., Goldman & Darkes, 2004; Jones, Corbin, & Fromme, 2001; Stacy, 1997; .
Furthermore, dual process models of addiction predict that the influence of implicit appetitive processes on subsequent addictive behavior can be reduced by explicit deliberate processes that are dependent on moderators such as motivation and executive functioning (e.g., Stacy, Ames, & Knowlton, 2004; Wiers et al., 2007) . In line with this notion, recent studies indicated that the impact of implicit alcohol cognitions on alcohol use in at-risk adolescents was moderated by working memory capacity Thush et al., 2008) . In addition to the ability to refrain from more impulsive use of alcohol, it is also important that adolescents are motivated to do so. Indeed, prior research has shown that the influence of implicit processes on behavior increases when motivation not to act on these automatic associations is low (Olson & Fazio, 2004) .
The importance of having adaptive motivational structures in the context of changing one's tendencies toward more addictive behaviors has been demonstrated by a large body of research (Miller & Rollnick, 2002) . Research showed that individuals with more adaptive motivational structures (e.g., having positive life goals) demonstrated that they are better able to control their drinking than those with maladaptive motivational structure. In addition, research showed that in treatment, alcohol abusers with adaptive motivational structures show a more immediate response to treatment, less problem denial, and more motivation for change than those with maladaptive motivational structures (Cox & Klinger, 2002) .
Indeed, brief interventions that use the technique of motivational interviewing (MI; Miller & Rollnick, 2002) have consistently yielded greater support for their efficacy to reduce hazardous drinking in young adults compared with educational or information-only interventions (e.g. Marlatt et al., 1998 ; for re-view, see Larimer & Cronce, 2002 . However, although brief MI has been proven to be effective in reducing hazardous drinking in young adult populations and there have been some MI outcome studies on other drug use that showed positive intervention effects (e.g., McCambridge & Strang, 2004) , there is little research yet and largely mixed evidence for the effectiveness of MI in reducing alcohol use in (at-risk) adolescents (for review, see Grenard, Ames, Pentz & Sussman, 2006) . Furthermore, only a few studies have tried to identify the cognitive mechanisms through which MI might work (e.g., Bosari & Carey, 2000; Wood, Capone, Laforge, Erickson, & Brand, 2007) . Still, motivational interventions represent one of the most promising approaches especially in difficult at-risk, nontreatment-seeking populations Moyer, Finney, Swearingen, & Vergun, 2002) .
This study investigated the influence of MI on implicit and explicit alcohol-related cognitions and alcohol use in at-risk adolescents in a randomized field study. It was hypothesized that in the experimental group, motivation to change and negative expectancies (two related concepts; Jones & McMahon, 1998) would increase compared with the information-only control group. Second, it was hypothesized that the experimental group would decrease their drinking compared with the control group. Third, the intervention was not expected to directly affect implicit alcoholrelated cognitions; we rather expected that a reduction in drinking would be achieved through a moderating effect of an increased motivation to change (Stacy et al., 2004; Wiers et al., 2007) .
Method

Participants
Recruited from five low-level vocational schools, a total of 125 Dutch adolescents (51 male and 74 female) in the age range of 15 to 23 (mean age ϭ 17.07, SD ϭ 1.64) were included at pretest and randomly assigned to the experimental intervention group (n ϭ 61) and information-only control group (n ϭ 64). Out of the total sample, 80 participants (64 %) indicated having one or more binge-drinking episodes (five or more Dutch standard alcoholic drinks on one occasion) in the last month.
Material
Alcohol use. Alcohol use was assessed with a Dutch version of the alcohol use questionnaires as described in Ames et al. (2007) .
Alcohol-related problems. An index of alcohol-related problems was assessed using an 18-item version of the Rutgers Alcohol Problems Index (RAPI; White & Labouvie, 1989; Cronbach's ␣ ϭ.79) .
Implicit Association Test (IAT). In the IAT, participants categorize four categories of stimuli as quickly as possible while only using a left or right response key (see Greenwald, McGhee, & Schwartz, 1998) . In this study, three adapted versions of the original IAT were used in which both stimulus pictures and words were used. One IAT assessed the association between "active" positive arousal words versus "neutral" words with photos of objects related to alcohol or objects related to soft drinks. Another IAT assessed the association between "relaxed" positive sedation words versus neutral words with alcohol related objects or soft drink-related objects. Last, one IAT assessed the association between "miserable" negative words versus neutral words with words with alcohol related objects or soft drink-related objects. These attribute categories were chosen because they represent the three main categories of alcohol expectancies (Goldman & Darkes, 2004) . The D-2SD penalty score for practice and test was chosen as the main reaction time measure (Greenwald, Nosek, & Banaji, 2003) . The internal consistency between practice and test items was acceptable (Cronbach's ␣ ϭ .57-.64).
Expectancy Questionnaire. The direct measure of alcoholrelated cognitions included 18 items representing an explicit version of the IAT attribute words (as in Wiers, van Woerden, Smulders, & De Jong, 2002) . The questionnaire consisted of three scales: a positive-arousal, a positive-sedation and a negative outcome scale (Cronbach's alphas ranging from .70 to .87). Note that positive sedation is not equivalent to negative reinforcement, which is related to problem drinking (Wiers, 2008) .
Readiness to change. Readiness to change was measured with a ruler specifically designed for this purpose (LaBrie, Quinlan, Schiffman, & Earleywine, 2005) . The anchors for the 10-point readiness-to-change ruler were "I never think about my alcohol/ drug use" and "My alcohol /drug use has changed. I now drink/use drugs less." Procedure Pretest. After obtaining active consent from the participants (and if the participant was a minor also the parents), participants were tested in groups of four at school in a separate test room during school time. The IATs were administered first on a laptop with a separate response device in counterbalanced order. Next, the participants filled out the expectancy questionnaire. The alcohol use and alcohol-related problems questionnaires and readinessto-change ruler were administered last. The total assessment took approximately 45 minutes for each participant. Directly after, participants were randomly assigned to the intervention or control group.
Intervention. The intervention consisted of an MI in which normative feedback on adolescent substance use was provided. During an MI session, various counseling skills are used (e.g., reflective listening and affirmations) to elicit "change talk" (Miller & Rollnick, 2002) . The main objective is to stimulate new thinking on one's personal substance use, which could then result in behavior change. The interviews were conducted by psychology graduate students trained in MI and in utilizing the written protocol (see Grenard et al., 2007) . The interview was conducted in approximately 30 minutes. Last, the participant received five information flyers about the biological and cognitive effects of various substances. On the backside of the flyers, the address of the appropriate community health center and several drug information Web sites and telephone lines were listed. Additional details on the conducted MIs are available from the first author upon request.
Information-only control group. After filling out the pretest, participants in the control group received the same five information flyers as the participants in the experimental group did.
Posttest and follow-up. One month later, the participants followed the same assessment procedure as was followed at pretest. Of the 125 participants, 113 participants (90.40%) were present at posttest. Approximately six months after the intervention, of the 103 participants that could be contacted again by mail, 74 partic-ipants (71.8 %) returned completed questionnaires on alcohol use, alcohol-related problems, and motivation to change.
Data Reduction
To obtain a normally distributed dependent variable and to reduce the chances of a Type I error by multiple testing, we computed a log transformed standardized alcohol use index score out of six different correlated alcohol use outcome measures (for details on this procedure, see Thush, Wiers, Ames et al., 2007 , 2008  Cronbach's ␣ ϭ .85).
Results
Drop Out and Outliers
Of the 61 participants included in the experimental group, only 6 participants did not discuss alcohol use to a great extent.
1 Of the 12 participants who dropped out at posttest, 5 participants belonged to the control group and 7 participants belonged to the experimental group, 2 (1) ϭ 0.48, p ϭ .49. At follow-up, participants and those who dropped out only differed significantly in their baseline alcohol use; those who dropped out had a lower alcohol use than the participants. Analyses included only those participants reporting that they had consumed alcohol in their lifetime: 15 participants reported that they had never consumed alcohol and were therefore eliminated from all further analyses. In addition, the scores on the IAT of 7 participants who exceeded the mean error scores by more than 3 SDs were excluded from further analyses that concerned that specific IAT (see Greenwald et al., 2003) . Thus, the final analytical sample at pretest consisted of 110 participants (experimental group ϭ 55; control group ϭ 55), at posttest of 100 participants (experimental group ϭ 50, control group ϭ 50) and at follow-up of 70 participants (experimental group ϭ 36, control group ϭ 34).
Quality of the Intervention
To assess the quality of the conducted interviews, 20% of all taped interviews were rated by using the Motivational Interview Treatment Integrity Code (MITI; Moyers, Martin, Manuel, Hendrickson, & Miller, 2005) . In general, there were no signs that the intervention was not performed according to MI standards or protocol; on average, the quality of the interviews was good (Table 1) . Detailed data on the quality of the MIs are available from the first author upon request.
Short-term Effects of the Intervention
Implicit associations. A 2 (Time) ϫ 2 (Condition) mixed analysis of covariance (ANCOVA) controlling for age and gender revealed a borderline significant Time ϫ Condition effect for the implicit positive arousal associations with alcohol, F(1, 89) ϭ 3.42, p ϭ .07. However, both the decrease in implicit positive arousal associations between pretest and posttest in the experimental group and the increase in implicit positive arousal associations with alcohol between pretest and posttest in the control group were not significant, respectively, t(44) ϭ Ϫ1.22, p ϭ .23, and t(47) ϭ 1.47, p ϭ .15.
Alcohol outcome expectancies.
A 2 (Time) ϫ 2 (Condition) mixed analysis of covariance controlling for age and gender revealed a borderline significant Time ϫ Condition effect for the explicit positive sedation alcohol expectancies, F(1, 92) ϭ 3.78, p ϭ .055. However, the increase in explicit positive sedation alcohol expectancies between pretest and posttest in the experimental group was not significant, t(46) ϭ 1.02, p ϭ .32, nor was the decrease in explicit positive sedation alcohol expectancies between pretest and posttest control group t(48) ϭ Ϫ1.56, p ϭ .13. Contrary to our hypothesis, there was no significant Time ϫ Condition effect for the explicit negative alcohol expectancies, F(1, 92) ϭ 1.86, p ϭ .176.
Readiness to change. A 2 (Time) ϫ 2 (Condition) mixed ANCOVA controlling for age and gender did not reveal a significant Time ϫ Condition effect for the readiness to change score, F(1, 85) ϭ 0.01, p Ͼ .50.
Alcohol use. A 2 (Time) ϫ 2 (Condition) mixed ANCOVA controlling for age and gender did not reveal a significant Time ϫ Condition effect for the alcohol use index, F(1, 93) ϭ 0.12, p Ͼ .50. Given that there was no significant change in the alcohol use index, we did not perform the additional analyses to investigate the possible moderation of motivation on the influence of implicit alcohol associations on subsequent drinking behavior.
Long-term Effect of the Intervention
We analyzed the long-term effects of the intervention by constructing a Latent Growth Model (LGM; Meredith & Tisak, 1990) Note. During 20 minutes of each interview, the following variables were rated. Empathy ϭ extent to which the interviewer understood the participants perspective rated on a seven-point Likert scale ranging from low to high; Spirit ϭ extent to which the interviewer showed MI adherence on a seven-point Likert scale ranging from low to high; Information ϭ total number of times information was given; MI true ϭ total number of times interviewer acted according to MI standards; MI untrue ϭ total number of times interviewer acted not according to MI standards; Closed questions ϭ number of closed-ended questions; Open questions ϭ number of openended questions; Simple reflections ϭ number of reflections that expressed understanding or a paraphrase of the participants words; Complex reflections ϭ number of reflections that expressed a deeper value of the participants words.
by using AMOS 7.0 (Arbuckle, 2006) . Based on the delta 2 test, we decided that the model represented in Figure 1 fits the data relatively well compared with more elaborate models, such as a model with a quadratic effect of time. This model was accepted as fitting the data ( 2 (6) ϭ 3.687, p ϭ .719, RMSEA ϭ .000, CFI ϭ 1.000, TLI ϭ 1.028). The regression weights in Table 2 show that there was a nonsignificant effect of condition on intercept (B ϭ 0.124, p ϭ .291) and on slope (B ϭ 0.001, p ϭ .884). This means that the two treatment conditions did not significantly differ with respect to baseline value and change of the alcohol use index over time. That is, there was no effect of condition on baseline functioning, and no interaction between time and condition. The main effect of time was also non-significant (B ϭ Ϫ0.004, p ϭ .159). The initial level of alcohol use index was significantly different from zero (B ϭ Ϫ0.174, p ϭ .036).
Discussion
This study investigated the influence of MI on explicit and implicit alcohol-related cognitions and alcohol use in at-risk adolescents. The first hypothesis, that in the experimental group motivation to change and negative expectancies would increase compared with the control group, could not be confirmed. Second, we could not find the hypothesized effect that the experimental group would decrease their drinking compared with the control group. Given these null findings, the moderation hypothesis that a reduction in drinking would be due to increased motivation to change could not be tested.
A possible explanation for the lack of support for an intervention effect on drinking behavior might be that there was no increase in readiness to change in the experimental group. Although it is assumed that MI increases motivation to change (Miller & Rollnick, 2002) and the intervention was according to MI standards, readiness to change was not effected by the intervention. This raises some questions regarding the effectiveness of MI in some (at-risk) adolescent populations. Although MI has been proven to be effective in reducing hazardous drinking in (young) adult populations, this strategy might be less effective in (at-risk) adolescents, which could be explained by the differential response to alcohol in adolescents and (young) adults. During adolescence the positive arousal effects of drinking are being experienced more so than the negative effects (National Institute on Alcohol Abuse and Alcoholism, 2005) . Therefore, these adolescents might feel they do not have sufficient reason for changing their drinking behavior (cf., Thush, Wiers, Theunissen, et al., 2007) . Consequently, it would be useful for future research to investigate the developmental variation in intervention response in some more detail. Condition ϭ control or experimental group; Intercept ϭ baseline log alcohol use index; Slope ϭ change log alcohol use index; Log Drink Pretest ϭ log alcohol use index score at pretest; Log Drink Posttest ϭ log alcohol use index score at posttest; Log Drink FU ϭ log alcohol use index score at six month follow up. The labels mark path coefficients that were constrained across assessment points. By fixing all paths from the intercept factor to each measurement point to 1 and all paths from the slope factor to each measurement point to 0, 4, 26 (representing the number of weeks between time points), this model represents linear growth. The path from condition to intercept tests whether the experimental group differs from the control group in baseline functioning. This is the main effect of condition. The path from condition to slope tests whether individual growth within the experimental group differs from individual growth in the control group. This is the interaction between time and condition we are primarily interested in evaluating. Both the variance U1 and the covariance between U0 and U1 were fixed at 0 to make the model admissible (these values were estimated negative if not fixed). The variances of the latent variables d1Ϫd3 were estimated equal to each other; the model where each variance was estimated individually did not lead to a significant increase in model fit compared with this model. Even though there were no changes in drinking behavior or readiness to change, some borderline significant changes in both implicit and explicit alcohol-related cognitions between pretest and posttest were found. Based on current dual process models, we especially did not hypothesize any changes in implicit cognitive processes, given that these processes are generally quite robust and not easy to change with a short intervention (e.g. Fazio & TowlesSchwen, 1999; Strack & Deutsch, 2004) . Furthermore, there is mixed evidence for the malleability of implicit cognitions over the course of treatment although very few studies have examined this question to date (Wiers, Van de Luitgaarden, Van den Wildenberg, & Smulders, 2005 ; c.f., Huijding & de Jong, 2007; Teachman & Woody, 2003) . At this point, the authors cannot provide a plausible explanation for the current results, and further research is needed to investigate the possible influence of interventions on the pretest/ posttest assessment of explicit and implicit cognitions.
The present results should be interpreted with some caution, given some limitations. First, although we screened for schools with a high proportion of at-risk adolescents, we did not use a probability sampling strategy at an individual level. In addition, although participants were recruited at five different schools, we did not have the statistical power to adequately perform a multiple group analysis. Therefore, the present results should thus be interpreted with some caution with regard to the generalization to other (at-risk) adolescent populations. Second, there are some limitations regarding the sequence of the measures used in the current study and the measures themselves. Because the IAT, and the alcohol expectancy, alcohol use, and readiness to change questionnaires were performed in a fixed sequence possibly order effects could have played a role in the current results. However, this fixed sequence was chosen as the optimal procedure to minimize method-related variance in a study focusing on individual differences (cf. Asendorpf, Banse, & Mücke, 2002) . Finally, it must be noted that not all participants in the experimental group discussed alcohol use to a great extent: 6 participants discussed other lifestyle issues or substance use. Nevertheless, the results did not differ with or without these participants.
Summarizing, although these limitations must be taken into consideration, we believe that this study does provide useful information. Although we did not find that the current MI intervention influenced motivation to change or drinking behavior, MI is assumed to affect readiness to change and this in turn is strongly connected to behavior change (Miller & Rollnick, 2002) . Our findings raise some questions regarding the use of a brief MI in this particular at-risk adolescent population and the mechanisms through which MI is effective. Future experimental research regarding the influence of MI on alcohol-related cognitions can possibly shed some light on these issues.
